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INTRODUCTION  
 
Concrete is a high demanded construction material nowadays. The current modernization has 
improved the use of concrete in the construction industry. Thus, the production of lightweight 
concrete is introduced to replace the use of normal concrete in certain applications. With the 
current emphasis on upgrading structure, lightweight concrete provides more benefits since it 
reduces the dead weight of a concrete structure, which results a decrease in cross-section of 
structural members and steel reinforcement. The strength, durability and other characteristics of 
this concrete depend on the properties of the ingredients, its proportions of mix and method of 
compaction and other control during placing, compaction and curing. It is either a total 
combination of fine and coarse lightweight aggregates or a combination of coarse - fine 
lightweight aggregate with normal aggregates. Since aggregates, cement, water and air have 
different specific, weights, the overall density of a concrete mix will depend upon the relative 
amounts of these materials present [1]. 
Malaysia is producing more waste with each passing year with approximately 30 000 tonnes 
of waste everyday with only 5% are recycled, and among the 5% of the recycled are containing 
aluminum cans. Aluminum is the second most widely used material today. Aluminum can be 
found almost everywhere around us in a vast number of applications. The productions of 
aluminum cans are increasing due to the increase demand of the world. Even aluminum and steel 
can are 100 % recyclable and endlessly recyclable, the process of mining also viable to serve for 
their needed, which providing continuous material to be used in vast of applications. This study 
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is conducted to identify the serve of aluminum in the construction world since aluminum has 
high strength and corrosion resistance. With the properties of the material are strong and light 
with a specific weight of 2.7 g/cm3, aluminum can be used as part of the material which serves 
the construction world. 
The objectives of this study are to determine the compressive strength and flexural strength of 
lightweight concrete with aluminum flakes as fine aggregates. Second is to compare the 
compressive strength and flexural strength between normal concrete and lightweight aggregates 
concrete with substituted aluminum flakes.The compressive strength and flexural strength of 
both concrete were determined by cube test and prism test. The size of the sample for prism test 
is 100 mm x 100 mm x 500 mm with standard cube size of 100 mm x 100 mm x 100 mm of 
concrete for cube test. The study is carried out by substituting 0% (control), 5%, 10% and 15% 
of aluminum flakes as fine aggregates into the lightweight concrete by weight of the fine 
aggregates. The range of aluminum flakes size used is between 2 mm to 5 mm. A total of 32 
samples had been tested. Concrete cube is tested at 7th and 28th day while the concrete prism only 
on the 28th day. 
 
LITERATURE REVIEW 
 
Concrete is a composite material that typically made by combining cement, aggregate, water 
and often mineral admixtures in appropriate proportions [2].Concrete is also considered in a 
biphasic model, composing of coarse aggregates surrounded by a mortar mix that includes fines, 
adjuvants, binders, and water voids [2].The concrete material consists of cement, aggregates, 
water, mineral admixtures, and chemical admixtures. This means that concrete is formed with the 
mix ratios of certain amount of these substances. In some cases, additives such as mineral 
mixtures or chemical admixtures are included in the concrete production. The density of normal 
concrete is in the range of 2200 to 2600 kg/m3[3]. 
While, cement is a term that applies to all of the binders. The mixture of cement with water 
will produce a substance called as ‘cement paste’. Its function is to fill and bind the particles in 
the concrete. Aggregate occupies almost 70-80 percent of the concrete volume, which makes it 
an important influence on the concrete properties. Aggregate consists of natural rock (crush stone 
or natural gravel) and sands, or other synthetic material. Cement is made up of major oxides 
which include CaO (lime),  SiO2(silica), Al2O3(alumina) and Fe2O3(iron oxide) as well as 
minor oxides which include: SO3, MgO, Na2O and K2O, the last two oxides are called alkalis 
oxides[4]. 
Lightweight concrete is a mixture produced by using a lightweight aggregate which may 
consist of processed shale, clay, clinker, or other material [5]. Lightweight concrete can be 
defined as the type of concrete, which include an expending agent that increase the volume of the 
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mixture while giving additional qualities such as nailibility and lessened the dead weight. 
Lightweight concrete has a range of unit weight approximately about 1280 to 1920 kg/m3, which 
depends on type of lightweight material used. According to Eurocode 2 Part 1-1, with section 
11,concrete is considered to be lightweight if the density is not more than 2200kg/m2. Some 
lightweight aggregate material will produce a concrete of 1790 kg/m3, which the compressive 
strength comparable to conventional concrete [5].Lightweight concrete can be categorized into 
three groups, which are no-fines concrete. Aerated/foamed concrete and lightweight aggregate 
concrete. 
 
No-fines concrete 
No-fines concrete is a mixture composed of cement, water and course aggregated with fine 
(sand) excluded. The void is interconnected producing an open texture of concrete with reduction 
of density, strength and shrinkage. The grading and type of aggregate influence the density of 
this concrete. The density of these no-fines concrete depends on the size and types of aggregate 
while the compressive strength depends mainly on the density. 
 
Aerated/Foamed concrete 
Aerated type of concrete is designed for factory production by injecting bubbles (hydrogen 
gas) into a cement paste or mortar. The gas bubble will expand the mixture to required density 
[6].This concrete has air content more than 25 percent. 
 
Lightweight aggregate concrete 
The lightweight aggregate concrete is made up of the lightweight coarse aggregate, but in 
some cases a portion or entire fines aggregate may be the lightweight product. The porous 
lightweight concrete of low specific gravity is used in this concrete, which is can be pumice, 
scoria, or artificial aggregate such as expanded clay. 
 
Application of Lightweight concrete 
Lightweight concrete provides a number of benefits. Reduction of the dead load of a concrete 
structure is the main feature oflightweight, which lead to lessening the size of the column, 
footing and other load bearing element in a building.Used of lightweight concrete can ease the 
lifting and carrying since it benefits in weight density. 
 
Effect of Different Aggregate on Concrete Strength 
The aggregate type has effects on the compressive strength of normal concrete[7]. The 
aggregate type consists of different strength ability. Compressive of concrete depends on the 
strength of the material itself.  
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Aluminium 
High percentages of drinks cans are made up of aluminum. Aluminum is a very light metal 
with the specific weight of 2.7 g/cm3.Aluminum has a density around one-third of steel or 
copper, making it one of the lightest commercial available metals and advantageous in an 
application where high strength and low weight are being demanded. Because of its low density, 
aluminum is also ideal for construction of lightweight concrete. It has strong protective oxide 
layers which prevent continuous corrosion of the base material [8]. When it is exposed to air, an 
oxide layer is formed continuously on the aluminum surface. This layer is good resistance to 
corrosion, but fairly resistant to most acids and less to alkalis. 
 
METHODOLOGY 
 
In this study, there are few tests has been conducted. The materials used for this experiment 
are made up of four main components of cement, coarse and fine aggregates and water. Figure 1 
shows the flow chart explaining all the main activities carried out in this research. 
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Figure 1: Research methodology flow chart 
Research Design 
Started studying the source of the problem statement and 
finds the solution by discussing it with the lecturer.  
Included the the research objective. 
Conducted background research 
The need and information related to the field are identified by 
reading journals, and books. These included instruments needed 
for the research test. 
Preparation of Literature Review 
The data and information relevant to the objectivess are 
collected to prepared the literature review based on the 
topic develop to get the ideas and to widen the 
understanding for the solution propose. 
Laboratory testing 
The theories for the lab testing is developed and 
conducted according to the theories. All specimen is 
tested and the data is analyse. 
Result, analysis and making conclusion 
The result and data from the lab testing is collected 
and the conclusion are drawn based on the result 
and analysis of the study. 
Writing of Research Report 
Prepare full report. 
Research Presentation 
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Cement 
Portland cement is used for this experiment and testing process. The cement is used as the 
binding agent and used to cover the surface of aggregate particles while filling the space in 
between the particles. 
 
Aggregates 
Aggregates are an important influence on concrete properties since it occupies almost 70 to 80 
percent of the concrete volume. The aggregates that are used in this study consist of fine and 
coarse aggregates. 
 
Fine Aggregates 
 Two types of fine aggregates are used in this study, which is normal fine sand and recycles 
beverage cans. The aluminum beverage cans are collected and cut into particles of size between 
the range of 2 mm and 5 mm. The size used is same as the range of normal sand particles. The 
percentages of substitution for aluminum flakes to fine aggregates are 0%, 5%, 10%, and 
15%.Figure 2 shows the concrete mixes material. 
 
 
Figure 2: Concrete with substituted aluminum flakes mixes 
 
Coarse aggregates 
Coarse aggregates are used since it is the strongest and least porous component of concrete. 
The size of coarse aggregate used is 20 mm 
 
Water 
Water is an important ingredient of concrete because it has an active chemical reaction with 
the cement. Thus the water used is made sure to be clean without any impurities and solvent. 
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Concrete design 
 The DOE method (Department Of Environment) was used for the sample preparation. The 
cube test size is 100 mm x 100 mm x 100 mm and prism sized is 100 mm x 100 mm x 500 mm. 
A total of 32 unit concrete samples of cubes and prisms shape is prepared. Table 1 to Table 6 
shows the calculated mix design for aluminum flakes substitution for both cube and prism 
specimens. 
  
Table 1: Weight of mix design for cube (Source: DOE Method) 
 
 
 
 
 
 
 
 
Table 2: Weight of mix for prism  
 
 
  
 
 
 
 
 
  
 
Quantity Cement 
(kg) 
Water 
(kg) 
Fines 
aggregate 
(kg) 
Coarse Aggregate (kg) 
10 
mm 
20 mm 30 
mm 
Per m3 (to 
nearest 5 
kg) 
360 180 552 - 1288 - 
Per trial 
mix of 
0.001 m3 
cubes. 
 
0.360 
 
0.180 
 
0.552 
 
- 
 
1.288 
 
- 
Quantity Cement 
(kg) 
Water 
(kg) 
Fines 
aggregate 
(kg) 
Coarse Aggregate (kg) 
10 
mm 
20 mm 30 
mm 
Per m3 (to 
nearest 5 
kg) 
360 180 552 - 1288 - 
Per trial 
mix of 
0.005 m3 
prism 
1.800 0.900 2.760 - 6.440 - 
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Table 3: Weight of fines aggregate and Aluminum flakes in cube  
 
 
 
Table 4: Weight of fines aggregate and Aluminum flakes in prism  
 
 
 Table 5: Total weight of fines aggregates and aluminum flakes for 24 cubes 
Sample 
(100x100x100) 
Aluminium (%) Weight of fines 
aggregate (kg) 
Weight of 
Aluminum (kg) 
1 (control) 0 3.312 0 
2 5 3.146 0.166 
3 10 2.982 0.331 
4 15 2.815 0.497 
Sample 
(100x100x100) 
Aluminum (%) Weight of fines 
aggregate (kg) 
Weight of 
Aluminum (kg) 
1 (control) 0 0.552 0 
2 5 0.524 0.028 
3 10 0.497 0.055 
4 15 0.469 0.083 
Sample 
(100x100x500) 
Aluminium (%) Weight of fines 
aggregate (kg) 
Weight of 
Aluminum (kg) 
1 (control) 0 2.760 0 
2 5 2.662 0.138 
3 10 2.484 0.276 
4 15 2.346 0.414 
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Table 6: Total weight of fines aggregates and aluminum flakes for 8 prisms 
Sample 
(100x100x500) 
Aluminium 
(%) 
Weight 
of fines 
aggregate 
(kg) 
Volume of 
Aluminum  
(kg) 
1 (control) 0 5.520 0 
2 5 5.244 0.276 
3 10 4.968 0.552 
4 15 4.692 0.828 
 
Tests on concrete 
After curing,a few tests had been conducted such as slump test, simple density test, 
compressive strength test and flexural strength test. 
 
a) Slump test 
 Slump test is carried out in order to obtain consistent batch of mixture and done followed 
thestandard [9].The difference between the slump height and the cone is measured. The slump 
for this study is in between of 30 – 60 mm. 
 
b) Simple density test 
The density for both normal and lightweight concrete is determined by a simple test by 
weighing the sample before proceeding to compressive and flexural test. The density is 
determined by using the formula below: 
Density =  Average Weight of Samples (kg) 
          Volume of Sample (m3) 
 
c) Compressive Test 
 The compressive strength test is used to measure the capacity of the material to withstand 
loads exerted perpendicular to the cubes. The test is carried out according to the specified test 
method [10].  Concrete cube of 100 mm x 100 mm x 100 mm is tested on day 7 and day 28 after 
the curing. A total of 3 specimens for every percentage assigned is tested to get the average result 
of the test. 
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d) Flexural Test 
The flexural test is done by testing prism specimen. This test gives two important parameters 
for crack strength and ultimate flexural strength or the modulus of rupture. The prism size of this 
specimen is 100 mm x 100 mm x 500 mm. The formula shown are used for the calculation to get 
the modulus of rupture: 
Modulus of rupture, fo(N/mm2) = PL/bd2 if a > L/3, where:  
 P = maximum load (N) 
 b = width of beam (mm) 
 d = depth of beam (mm) 
  a = position of fracture from near support (mm) 
 
 
Results and Discussion 
 
The presented data are based on the slump test, simple density test, compressive strength and 
flexural strength of the lightweight concrete. 
 
a) Slump test 
The slump is done for every batch of concrete. Slump test was done as per IS: 1199 – 1959. The 
result of slump test was illustrated in Table 7. The slump for normal concrete mixes is the 
highest, followed by slump of 5%, 10% and last 15% has the lowest slump. It is imperative to 
say that the mix proportion of aluminum flakes affects the slump value. The slump decreases 
with the addition of more aluminum flakes. The slump of normal concrete mixes had the highest 
value of 50 mm which is classified in the medium workability. Since the amount of mix design is 
the same for every concrete sample, the reduction of slump pointed a dryer mixture. The slump 
of 5%, 10% and 15% of substituted aluminum flakes samples lessen with values of 40 mm, 
36mm and 32 mm respectively. This indicates the reduction of the workability of the concrete 
from medium to low mixes. Low workability increased the cohesive forces because it exhibits 
more friction between particles in the sample [11]. 
The changes of slump signify the different absorption of water within the concrete specimens. 
Aluminum is a fairly active metal which can react with acids and alkalis. The addition of 
aluminum compound can promote rapid setting of cement paste. Setting refers to the changes 
from a fluid to a rigid state solid[12].  
 While Portland cement consists of major and minor oxides which contribute to the 
alkalinity of the cement [4]. Aluminums active metal that reacts with alkali, reacts with the 
cement in concrete mixes. Since the quantities of aluminum substituted into the mix increases, 
the reaction takes place also increase and this results in the reduction of slump height. The slump 
showed that the absorbency value of concrete containing aluminum flakes is higher compared to 
normal 
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Table 7: Slump test result. 
 
 
 
 
 
 
 
 
 
b) Density Test 
 
The average density for every percent of samples is calculated. Table 8 shows the result of 
simple density test for every sample. The density of every sample increased until the 28 days. 
The density of the normal sample is 2569 kg/m3. This lies within the range of 2200 to 2600 
kg/m3 specified as the density of normal weight concrete [3]. While the density of lightweight 
aggregates concrete ranged from 2010 to 2050 kg/m3. This complies with the properties of 
lightweight concrete, which is lower than 2200 kg/m3. The result showed that normal concrete 
specimen had the highest mean density of 2560 kg/m3, followed by concrete with 5%, 10%, and 
15%  of substituted aluminum flakes with values of 2080 kg/m3, 2060 kg/m3 and 2010 kg/m3 
respectively. The difference between the normal concrete with concrete of substituted flakes 
indicates that aluminum flakes drastically decrease the concrete weight. 
Study show reaction between aluminum with water produce hydrogen [13]. Cement consists 
of minor oxides of Na2O (sodium oxide) which makes the cement alkali[4]. When these 
compounds soluble in water, it produces sodium hydroxide. The reaction found to occur between 
aluminum and sodium hydroxide was shown below: 
 
2Al + 2NaOH + 2H2O = Na2Al2O4 + 3H2  (1) 
 
The study shows that addition of aluminum flakes into concrete mixes reduced the density of 
concrete because aluminum flakes in the concrete react with compounds from cement to produce 
hydrogen gas[13]. Thus, the density of a sample of 5%, 10% and 15% is reduced due to the 
presence of hydrogen in the concrete sample. Hydrogen form bubbles which fill concrete with air 
void giving cellular structure to the concretes. The presence of bubbles is shown in Figure 3. 
 
 
 
 
Slump Test Result 
Designation DOE Method 
Cone High 300 mm 
Type 
Sample 
Mixes 
Normal 5% 10% 15% 
Slump 
(mm) 
50 40 36 32 
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Table 8: Results of simple density test of concrete cubes 
 
 
Aluminum 
(%) 
 
Day 
 
Sample 
 
Weight (kg) 
Average 
weight 
(kg) 
Average 
Density 
(kg/m3) 
 
 
Normal 
 
7 
1 2.52  
2.53 
 
2530 2 2.54 
3 2.52 
 
28 
1 2.58  
2.56 
 
2560 
 
2 2.58 
3 2.54 
 
 
5 
 
7 
1 2.04  
2.05 
 
2050 
 
2 2.04 
3 2.06 
 
28 
1 2.08  
2.08 
 
2080 
 
2 2.08 
3 2.09 
 
 
10 
 
7 
1 2.02  
2.03 
 
2030 
 
2 2.02 
3 2.05 
 
28 
1 2.07  
2.06 
 
2060 2 2.07 
3 2.05 
 
 
15 
 
7 
1 2.01  
1.98 
 
1980 2 1.95 
3 1.97 
 
28 
1 2.02  
2.01 
 
2010 2 2.00 
3 2.01 
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Figure 3: Bubbles present in concrete sample 
 
c) Compressive Strength Test 
 
Compressive strength applied to test the characteristic of the concrete as in Table 9.  Cubes size 
of 100 mm x 100 mm x 100 mm used for the test. Table 9 shows that the compressive strength of 
concrete continues to increase after 7 days. The 7 day test is used as a trend to measure the 
concrete strength at 28 days. This exhibit that rate of gaining strength at 7 days is faster and 
started to reduce with the age. Hence, concrete with aluminum at 28 days exhibits lower 
compressive strength compared to normal concrete with the same cement ratio. The study 
showed that the highest value of compressive strength is from normal concrete with 41.20 MPa, 
while the lowest value is concrete with 10% substituted aluminum with 15.10 MPa. The concrete 
with 5% substituted aluminum flakes get 24.10 MPa and 15% with 18.70 MPa of compressive 
strength.   
The Figure 4 shows that the compressive strength of concrete started to reduce from 5% and 
10% of substitute’s aluminum flakes. However, the trend still shows that 15% of the substituted 
aluminum increases in value compared to 10% of substitution, but the value of 18.70 MPa is still 
lower than the expected grade which is 20 MPa. This is due to the volume of aluminum in the 
concrete. The 15% of aluminum substitution contain more aluminum compared to 10%. 
Aluminum is one of high-strength material in the world and with the addition of manganese and 
magnesium in the beverage cans; it increases the aluminum strength properties. This is because 
the compound presence in the beverage cans give additional strength to the cans to ensure that 
the beverages cans can withstand stronger pressure by liquid exerted on the beverages cans 
wall[14]. Thus, abundance of aluminum in the concrete acts together and increases the strength 
of the concrete itself. Eventually, concrete reduces its strength because of the air content. The air 
content reduces the concrete density and lower the compressive strength compared to normal 
concrete.  
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Table 9: Compressive strength of concrete specimens 
 
 
 
 
Figure 4: Compressive strength of concrete at 7 and28 days. 
 
Percentage of Aluminum 
(%) 
Day Compressive Strength 
(MPa) 
 
  
 
Normal 
7 39.90 
28 41.20 
 
 5  
 
 
7 
 
19.70 
 
28 
 
24.10 
 
 
10 
 
7 
 
11.0 
28 
 
15.10 
 
 
15 
7 
 
14.20 
28 
 
18.70 
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7 Days 39.9 19.7 11 14.23
28 Days 41.2 24.1 15.1 18.7
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Consequently, the result showed that 5% of aluminum substitution gains 24.10 MPa which is 
higher than the targeted strength of 20 MPa grade concrete. Thus, it can be concluded that 5% is 
the optimum limit for substituting aluminum in concrete. 
Furthermore, the value of normal concrete density if higher with 2560 kg/m3 compared to the 
concrete with substituted aluminum values with 2080 kg/m2, 2060 kg/m3 and 2010 kg/m3 
respectively. When the substitution of aluminum increases, the density continues to decrease. 
The structure is porous due to the hydrogen gas released by the reaction of cement paste and 
aluminum. Bubble from the hydrogen gas fills the spaces between the concrete particles. This 
leaves empty spaces when the concrete setting. This factor reduces the concrete density. Thus, 
the concrete is said to have a cellular structure. The particles of aluminum used also not as well 
as fines aggregate to fill the void between them. Thus, the void content in the concrete increases. 
At the same time, aluminum has been already low in density, which contributes to the decrease 
in concrete density. Figure 5 and Figure 6 shows the section of the porous concrete structure and 
the void appearing on concrete, which can be seen on the wall of the cube. 
 
 
Figure 5: Concrete with aluminum structure 
 
 
Figure 6: Voids on concrete cube wall. 
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d) Flexural Strength Test 
 Flexural strength was conducted to determine the maximum load that the concrete can receive 
as in Table 10 and Figure 7. The prism of 100 mm x 100 mm x 500 mm is used for the test. The 
table shows that in 28 days, the MOR value appeared to increase, within 5% and 10% by value 
of 3.27MPa and 3.56 MPa.  But at 15%, the values lessen with 2.36 MPa. Aluminum had high 
tensile strength[14]. Thus increasing the number of substitutions into the concrete will increase 
the flexural strength of the concrete but only until an optimum limit. At 15% of substituted 
aluminum, the value of MOR decreases. This is because aluminum is a shining metal with a 
slippery surface, thus increasing of aluminum flakes will increase the slippery surface of the 
concrete. This surface produces a weaker bonding between the particles of concrete. A weaker 
bonding reduces the grip between the particles and the cement. Thus, the flexural strength of 
concrete will decrease. Thus the 10% substitution was the maximum value for the highest MOR. 
Moreover, the increase in the flexural strength is lower than the corresponding increase in the 
compressive strength at the same age of concrete. 
 
Table 10: Modulus of rupture (MOR) of concrete at 28 days. 
Percent
age Of 
Alumin
ium 
(%) 
Day Sam
ple 
Max 
Displa
cement 
(mm) 
Max 
Load 
(kN) 
Modulus 
Rupcure, 
MOR 
(N/mm2) 
Avera
ge 
MOR 
(N/m
m2) 
Control 28 
1 11.10 1.006 5.55 
5.46 
2 10.73 0.721 5.37 
5 28 
1 7.55 0.614 3.78 
3.27 
2 5.52 1.248 2.76 
10 28 
1 6.70 1.853 3.35 
3.56 
2 7.53 1.531 3.77 
15 28 
1 5.07 1.151 2.54 
2.36 
2 6.36 1.443 3.18 
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Figure 7: Modulus Of Rupture (MOR) of concrete at 28 days 
  
Conclusions 
The study showed that the highest value of compressive strength is of normal concrete. The 
compressive strength values for concrete with substituted aluminum flakes decrease with the 
increasing of aluminum volume. However, the compressive strength of the concrete with 
aluminum flakes decrease until some limit. The reduction of compressive strength is caused by 
the void in the concrete. The voids are presence because of reactions that occur in the concrete 
compound. Thus, the increment of voids throughout the sample is caused by the aluminum flakes 
itself. The void present reduces the concrete density together with its strength.  The studied 
shows that 5% of aluminum substitution gain 19.70MPa at 7 days and 24.10 MPa at 28 days, 
which is higher than the targeted strength of grade 20 MPa concrete should gain for that time. 
Thus, 5% are the optimum limit for substituting aluminum in concrete. 
The flexural strength highest values are get from the control concrete. Within the increasing 
substitution of aluminum, the flexural strength value increases, but didn't exceed the value for 
the control concrete. In spite of that, the value only increases until some point. The point is the 
optimum limit for the flexural strength which is 10% of substituted aluminum flakes. This is 
shown that the maximum value of aluminum can be substituted for flexural strength is 10%. 
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